We have found a Naegleria lineage in which the SSUrDNA contains a group I intron with a length of 375 nucleotides. This is a unique finding because all group I introns detected until now in Naegleria are 1.3 kilobases long and contain an open reading frame coding for 245 amino acids. Sequence data show that the 375 nucleotide-long intron is at the same place in the SSUrDNA as, and is descendant from, the 1.3 kilobase group I intron present in other species of Naegleria. Our data indicate that in one lineage of Naegleria the group I intron lost part of its DNA that is not contributing to the secondary structure but that carries the open reading frame. The amoeboflagellate genus Naegleria contains strains without the intron and strains with the intron, with or without an open reading frame. Therefore, this genus provides a unique opportunity to study the function and evolution of both the group I intron and the open reading frame.
INTRODUCTION
The genus Naegleria consists of free-living amoebae that can differentiate into flagellates. One species, N.fowleri, is highly pathogenic for man, causing primary amoebic meningoencephalitis almost invariably leading to death. Two other species, N.australiensis and N.italica kill experimental animals but have never been found as the cause of disease in humans (1) . The ribosomal DNA of Naegleria, and all other genera that belong to the family Vahlkampfiidae, is on a circular plasmid (2) . In five of the 10 described Naegleria spp. a 1.3 kb group I intron is present in the SSUrDNA (3) . This group I intron is carried at the same location in helix 19 in all 5 species and contains an ORF coding for 245 amino acids, extending out of loop P6 of the secondary structure of the intron (4). The ORF is thought to be a putative homing endonuclease (5) although there is no evidence for horizontal transfer of this group I intron in Naegleria. On the contrary, sequence data support the hypothesis that the intron is transmitted vertically and was lost from some Naegleria spp. (4) . We have now discovered a Naegleria lineage in which the group I intron has lost the ORF.
MATERIALS AND METHODS
One strain of each allozyme cluster (6, B.S.Robinson, unpublished) was cultured with bacteria. When the agar plates were totally covered with amoebae the cells were harvested and concentrated by centrifugation. The DNA was extracted using a guanidium thiocyanate-Sarkosyl method (7). The SSUrDNA was amplified using conserved primers (3). Amplification conditions were 1 min at 94°C, 1 min at 55°C and 2 min at 72°C for 30 cycles using Taq polymerase (Perkin Elmer-Cetus). Products were separated on 0.7% agarose gels. The products were purified using polyethylene glycol precipitation (8) and sequenced with the A Taq cycle sequencing kit (US Biochemicals, Amersham Life Science) using primers complementary to the rDNA flanking the intron in stem 19 and other SSUrDNA internal primers (4) . Reactions were run on 6% acrylamide-urea sequencing gels and autoradiographed overnight at room temperature. Sequences were aligned by eye using the Eyeball Sequence Editor (ESEE) (8) . Phylogenetic trees were constructed using DNAPARS, DNADIST, NEIGHBOR, DNABOOT and SEQBOOT programs of the PHYLIP (version 3.4) program (9) .
RESULTS
The SSUrDNA of one strain each of 35 different allozyme clusters (6, B.S.Robinson, unpublished) was amplified. Twentytwo generated the normal length of 2.0 kb for the SSUrDNA while 12 generated a length of 3.3 kb (Brown and De Jonckheere, unpublished), meaning the latter carry the 1.3 kb group intron. In one strain, NG597, a SSUrDNA product of 2.4 kb was generated. The SSUrDNA of two strains that show slight allozyme differences from, but cluster with, strain NG597 was subsequently amplified. From both these strains, NG434 and NG650, a 2.4 kb PCR product was obtained also. The conserved Pstl fragment, which contains the 1.3 kb intron (if present) in other Naegleria spp., was sequenced in strain NG597. The length difference of the SSUrDNA in strain NG597 is due to a 375 nt group I intron at exactly the same site within the SSUrDNA as in the strains with the 1.3 kb group I intron. The secondary structure of the 375 nt group I intron is identical to that of the 1.3 kb group I intron with the exception that in loop P6a the sequence carrying the ORF is not present. The sequence of the *To whom correspondence should be addressed intron in strains NG434 and NG650 was also determined. Exactly the same piece of DNA is absent from all three strains and the length of the remaining group I intron is exactly the same for the three strains. Alignments showed strain NG434 and NG650 differed from NG597 by 3 and 4 nt respectively. The intron sequences of these strains were also aligned with the 1.3 kb introns which were published previously (4) for 5 Naegleria spp. In Figure 1 the sequence of the insertion site of the ORF is depicted for the different Naegleria strains. The insertion site of the ORF is a conserved sequence. There are no homologies between the intron-and ORF-insertion sites. In all Naegleria spp. with the ORF in the group I intron the length is identical encoding 245 amino acids. In these strains the stop codon is 3 nt before the end of the DNA piece that is lost in the Naegleria strains reported here. The length of the DNA piece before the start codon, however, is much longer; it ranges from 191 to 203 for N.andersoni and N.gruberi respectively. None of these sequences contribute to the secondary structure, as the lost piece is located completely in the P6a loop, not overlapping with the intron structures. For phylogenetic analysis the sequences of the 375 nt long introns were aligned with the corresponding sequences of the 1.3 kb introns sequenced previously from other Naegleria spp. (4) . These alignments generated one tree with identical branching order whether a parsimony, neighbor-joining or UPGMA method was used (Fig. 2) . A tree built from the rDNA sequences surrounding the introns generated a similar tree (strains NG434 and NG650 not included) (Fig. 2) , with only N.gruberi and N.clarki differing in branching order. In this tree it is obvious that intron-containing species are interspersed with intron-lacking species and loss of the intron from the majority of the Naegleria spp. was hypothesised (4).
DISCUSSION
The presence of a 1.3 kb group I intron in the SSUrDNA of Naegleria seems to be quite prevalent. Of 10 Naegleria spp. species, 17 contain the 1.3 kb intron. In one allozyme cluster, a 375 nt group I intron was found and all strains of this lineage carry this shorter intron. The sequence data indicate that the 375 nucleotide intron is located at the same place as the 1.3 kb intron. The homology in sequence data indicate that the 375 nt intron and the 1.3 kb intron share a common ancestor and the phylogenetic data suggest that loss of the DNA that contains the ORF occurred in the latter. The short group I introns differ only slightly in nt sequence, consistent with the close relationship of the strains determined from allozymes (B.S. Robinson, unpublished) . Loss of group I introns have been invoked many times (10) and, in a few instances there is evidence in related organisms of optional group I introns that are present in one strain or species, but absent in another of the same genus (11, 12) , as is the case in Naegleria (4). The separate acquisition of the ORF in group I introns has been hypothesized (10). In 2 Neurospora mitochondrial group I introns (13) the presence of completely dissimilar ORFs located at different positions relative to the core structure are found. Loss of the ORF in group I introns to explain homing in rDNA of Tetrahymena spp. has been hypothesized (14) but was never substantiated by finding an ORF in one of the introns in this organism (15) . Our results indicate that the ORF can be lost from a group I intron and that the group I intron continues to function and evolve in that lineage of organisms. Having organisms of the same genus that have no intron, an intron with ORF, and the same intron that lacks the ORF, offers an unmatched opportunity to study the function and behavior of the intron as well as of the ORF.
